In Jamaica, where homosexuality is criminalized, scant research has examined associations between sexual stigma and HIV infection. The study objective was to examine correlates of HIV infection among men who have sex with men (MSM) in Jamaica. We conducted a cross-sectional tablet-based survey with MSM in Jamaica using chain referral sampling. We assessed socio-demographic, individual, social, and structural factors associated with HIV infection. A logit-link model, fit using backwards-stepwise regression, was used to estimate a final multivariable model. 
Introduction
Globally, men who have sex with men (MSM) experience a disproportionate burden of HIV infections compared with men who have sex with women only. 1 The overrepresentation of MSM in the pandemic is situated in social and health disparities across low-, middle-, and high-income countries, 2, 3 including Jamaica. A 2011 cross-sectional survey in Jamaica 3 reported an HIV prevalence of 30% among MSM (n ¼ 449) -far higher than Jamaica's national HIV prevalence of 1.7% 4 and among the highest of MSM in the Caribbean. 5 Social-ecological approaches facilitate understanding of the complexities of HIV vulnerability as they explore the interplay between structural (e.g. stigma) factors, individual practices, and health outcomes. 6 These approaches have been extensively applied to contexts of HIV vulnerability, 6, 7 describing how structural factors (e.g. stigma and discrimination of specific populations such as MSM) indirectly influence social-level factors (e.g. exposure to violence) and promote or constrain individual practices (e.g. condom use). 6, 7 For instance, at the structural level, sexual stigma -social and institutionalized processes of devaluation and loss of status and power among sexual minorities -may shape individual-and grouplevel HIV vulnerability through limiting access to sexual health and HIV information, prevention, and testing and care services. 8, 9 Sexual stigma dimensions include enacted stigma, whereby people experience acts of violence and unequal treatment, and perceived stigma, concerns of rejection and negative treatment by others because of actual or perceived lesbian, gay, bisexual, and/or transgender (LGBT) identity. [10] [11] [12] [13] Criminalization of same-sex practices is an extreme form of enacted stigma that increases HIV vulnerability of MSM. 9 Homosexuality is criminalized in Jamaica, and sexual stigma is institutionalized in employment, health, and housing. 3, 14 In this way, structural factors are interconnected (e.g. sexual stigma contributes to unemployment) and converge to increased individual risk practices (e.g. survival sex work), thus increasing both social (e.g. exposure to violence) and other individual (e.g. number of sexual partners) drivers of HIV vulnerability. Violence towards LGBT people is not only perpetuated at a community level but is often overlooked by police. 15, 16 The lack of legal protections contributes to economic insecurity, including poverty and homelessness, which elevates HIV vulnerability 17 and decreases access to HIV testing. 18 Moreover, qualitative 19 and quantitative [20] [21] [22] [23] studies describe stigmatizing attitudes by university students and health/social service providers towards people living with HIV (PLHIV) and LGBT persons in Jamaica, with the highest levels of stigma directed towards MSM living with HIV. 22, 23 The Modified Social Ecological Model 6 further identifies individual factors such as biological or behavioural characteristics associated with vulnerability to acquire or transmit HIV; social factors including social support and relationships with family, friends, and others which influence health and health behaviours; and structural-level factors that either promote health or are a source of stigma, including socio-cultural norms/stigmatizing attitudes. 6 Social-ecological correlates of HIV seropositivity have been identified among MSM globally (e.g. North America, [24] [25] [26] [27] South America, 28, 29 3, 35 ; these studies, however, did not examine sexual stigma.
Few studies exist documenting the experiences of MSM in Jamaica and no quantitative studies were located that examined sexual stigma among this population. Research that examines associations between sexual stigma and HIV infection among MSM in Jamaica can inform targeted approaches to address social and structural contexts of HIV vulnerability, and reduce sexual stigma, to promote well-being. The study objective was to assess social-ecological correlates of HIV infection among MSM in Jamaica, with specific attention to the association between enacted and perceived sexual stigma, HIV seropositivity, and HIV vulnerabilities. Specific research questions included: (1) what are the associations between individual (e.g. history of STI), social (e.g. number of sexual partners), and structural factors (e.g. unstable housing) and HIV seropositivity among MSM in Jamaica?; and, (2) what are the associations between enacted and perceived sexual stigma and HIV vulnerabilities at individual, social, and structural levels?
Methods

Study design and population
In collaboration with Jamaica AIDS Support for Life, a community-based AIDS Service Organization in Jamaica, we conducted a cross-sectional survey with MSM in Kingston, Montego Bay, and Ocho Rios and surrounding areas. Jamaica AIDS Support for Life identified the need for the research, initiated the relationship with the primary investigator, and remained an active collaborator throughout the process of study design, data collection, data analysis and interpretation, and manuscript preparation. From March to November 2015, 556 MSM enrolled in the study.
Peer research assistants (PRAs) who self-identified MSM were recruited and trained to contribute to the survey content, participant recruitment, and survey implementation. PRAs were involved in three rounds of pilot testing to enhance the clarity and relevance of survey items. PRAs were trained in conducting surveys and signed confidentiality agreements. The tablet-based PRA interviewer administered survey was 35-40 min in duration. Participants received a $1000 Jamaica dollars ($$8 USD) honorarium for completing the survey.
Chain-referral sampling, a technique to reach hidden and marginalized populations 36 was used. Survey participants were provided a unique participation identification (ID) number on a coupon. Participants were invited to refer a maximum of five MSM in their social networks to participate in the study. Participants were provided with one to five coupons to recruit others, and received $500 Jamaican dollars ($$4 USD) per participant they recruited (e.g. when a coupon ID was presented that corresponded to a participant's unique ID number), up to a maximum of five persons.
All participants were offered voluntary HIV testing and post-testing counselling at Jamaica AIDS Support for Life, regardless of self-reported HIV status. Participants were offered a $500 Jamaican dollar ($$4 USD) phone card for presenting their coupon and unique ID number for HIV testing at Jamaica AIDS Support for Life where HIV testing was conducted by a trained nurse. First, immunochromatographic HIV rapid test kits (Alere Determine HIV-1/2) were used; for any positive rapid test result, nurses took a blood sample and this was sent to the National Laboratory to perform confirmatory ELISA testing. We linked the survey ID to the HIV testing result. Research ethics approval was granted from the University of Toronto, Canada and the University of the West Indies, Mona Campus, Jamaica.
Measures
HIV status. The primary outcome was HIV seropositivity. In our study, this measure combines HIV status measured by self-report or study-administered HIV serology testing. For participants where HIV status reported by self-report differed from serology test results, serology results were used to determine a participant's HIV status. For analytic purposes, HIV status was dichotomized to positive and negative. We conducted sensitivity analyses to examine differences between self-reported HIV-positive status and study administered HIV testing results across all variables.
Socio-demographic factors. Socio-demographic variables examined as part of our analysis included age (continuous), education level (less than high school versus completed high school), and city of residence (categories: Kingston, Montego Bay, Ocho Rios, and other). Individual factors. Individual-level variables included biological factors such as lifetime history of STI diagnoses (positive versus negative, measured by self-report); self-rated health [SRH] (excellent, very good, good versus fair, poor); and depression symptoms (continuous, measured using Patient Health Questionnaire-2), 37 with higher scores indicating increased depression symptoms (scale range 0-8, Cronbach's a ¼ 0.67). We also assessed individual behavioural factors such as drug/alcohol use in the past three months (yes versus no), consistent condom use in the last four weeks (yes versus no; participants were coded as practicing 'consistent condom use' if there was parity in number of times participants reported having sex and condom use), and sex work involvement in the past 12 months (yes versus no; participants were coded as doing sex work if they reported exchanging sex for a shelter, food, transportation, money, or drugs/alcohol). Social factors. Social-level variables included lifetime number of sexual partners (continuous) and relationship status (categories: in relationships, casual dating, no partner, concurrent partners).
Structural factors. Structural variables included food insecurity (yes versus no; participants were coded as 'food insecure' if they reported at least one occurrence of going to bed hungry in a week); unstable housing in last month (yes versus no; participants were coded as having unstable housing if they usually slept outside, in a shelter, or at a friend's house versus their own house/ apartment); unemployed (coded as unemployed versus employed or studying); and having a regular health care provider (yes versus no). Sexual stigma was measured using Diaz et al.'s 38 Homophobia Scale that assesses perceived stigma (awareness of negative social and community norms; range 7-35; Cronbach's a ¼ 0.73; example item: 'How often have you felt you had to stop associating with your family because you are gay/bisexual?'; measured on a Likert scale ranging from 1 'Never' to 4 'Many times'); and enacted stigma (acts of discrimination, violence, and mistreatment; range 7-49; Cronbach's a ¼ 0.88; example item: 'How often have you lost a place to live for being gay/bisexual?'; measured on a Likert scale ranging from 1 'Never' to 4 'Many times').
Statistical analyses
We used logistic regression to estimate crude and multivariable-adjusted odds ratios (ORs) and 95% confidence intervals (CIs) for the odds of HIV seropositivity among MSM. Bivariable and multivariable analysis used a logit link to assess strength of association of each independent correlate with the binary outcome of HIV status. Variables with p values of <0.05 and/or theoretically important correlates were considered for inclusion in full multivariable model. A manual backwards stepwise approach was used, where variables with lower strength of association were systematically removed from the model. Table 2 reports two-sided p-values and unadjusted and adjusted ORs with 95% CIs. Additionally, to compare sexual stigma sub-scales in Table 1 , we used t-tests and ANOVA for comparisons between levels of categorical variables, and linear regression using an identity link to compare means in continuous variables. All statistical analyses were conducted using SAS software version 9.3 (SAS Institute, Cary, NC, USA).
Results
Characteristics for MSM in the full sample and by HIV status are displayed in Table 1 . Due to missing data on HIV status, of the 556 MSM who participated in the study, only 498 MSM were included in our analysis of factors associated with HIV infection (90% of the full sample of MSM).
In the full sample of MSM (n ¼ 556), 28% of men resided in Kingston, 38% in Ocho Rios, 22% in Montego Bay, and 12% in other locations. The median (interquartile range [IQR] age was 24 [22] [23] [24] [25] [26] [27] [28] ) and the median (IQR) monthly income was 144 US dollars (10-280). Eighty-six per cent of men had at least high school education. Forty-two per cent of men had a regular health care provider.
Of the 498 men who reported or were tested for HIV status, 67 (13.5%) identified as living with HIV. We found no significant differences between HIV-negative and HIV-positive participants across education, income, relationship status, lifetime sex partners, condom use, and sex work. In comparison with HIVnegative participants, HIV-positive participants were more likely to be older and unemployed and report a lifetime STI history, lower SRH, higher depression, drug/alcohol use, food and housing insecurity, sexual stigma, and having a health care provider.
Compared to those excluded for not providing HIV serostatus data, participants included in the analysis were significantly more likely to be high school graduates, employed or studying, food secure, and to report higher SRH. We conducted additional sensitivity analyses to assess any differences between self-reported HIV status and serological tests conducted by the study team. We found no significant differences in demographic or outcome variables, with the exception of age. Participants who self-reported HIV-positive serostatus were marginally older than those testing positive in study-administered serology screening, 26. The medians for perceived and enacted sexual stigma in the full sample of MSM were 14 (IQR: 12-17) and 10 (IQR: 10-15), respectively. We found significantly higher levels of perceived and enacted stigma among MSM facing increased social marginalization, including MSM who reported less than high school education, a greater likelihood of depression in the last two weeks, lower condom consistency in the last four weeks, sex work in the last 12 months, a higher number of lifetime sexual partners, concurrent sexual partners, food insecurity, unstable housing, and a lower likelihood of having a regular health care provider. Higher perceived stigma was also significantly associated with using drugs or alcohol in the last three months, while higher enacted stigma was significantly associated with unemployment among MSM.
Bivariate and multivariable analyses with HIV status are displayed in 
Discussion
The high HIV prevalence in this study underscores MSM in Jamaica are a key population to include in HIV prevention and care cascades. Jamaica has a comprehensive approach to HIV prevention that has contributed to reduced HIV incidence and prevalence among the general population; elements of this approach could be expanded to advance HIV prevention among MSM. 39 Several social-ecological factors were associated with HIV seropositivity among our sample. Our findings corroborate studies that suggest higher age is associated with HIV seropositivity. 25, [32] [33] [34] This finding is not surprising, as MSM may experience a cumulative risk across the life course. We found that living in Kingston was associated with almost seven times the odds of being HIV-positive compared to living in Ocho Rios. As Kingston is the capital and largest city of Jamaica, it is home to a larger concentration of MSM and presents greater opportunity for social and sexual relationships.
Similar to prior work in Jamaica 3 and other studies conducted globally, 26, 28, 30, 33, 34 we found MSM with a lifetime STI history were at elevated risk of HIV infection -underscoring STI testing and treatment are integral to HIV prevention. Adoption and implementation of the WHO guidelines for HIV/STI prevention and care among for vulnerable populations, including routine serological syphilis testing for MSM, 40 is an important step to address both HIV and STI vulnerability.
While food insecurity, unstable housing, and unemployment were only significantly associated with HIV seropositivity in bivariate analyses, it is notable .2) ref.
14.6 (0.25) that almost half of our sample reported food insecurity, one-third reported unstable housing, and three-quarters were unemployed. This widespread economic insecurity can fuel HIV epidemics and may be influenced by sexual stigma. This is corroborated by our finding that both enacted and perceived sexual stigma were associated with food insecurity and housing insecurity, and higher enacted sexual stigma was significantly associated with unemployment. This study is the first to our knowledge to demonstrate an association between enacted sexual stigma and HIV infection among MSM in Jamaica: this stresses the need for addressing social and structural risk contexts. 6 Andrinopoulos et al. 18 examined associations between sexual stigma and HIV testing among MSM (n ¼ 506) in San Salvador, finding that internalized sexual stigma was negatively associated with HIV testing uptake. Our study corroborates the importance of examining associations between sexual stigma and the HIV care cascade, from HIV testing to infection and health, among MSM in Jamaica.
HIV-positive MSM in our study had more than double the odds of having a health care provider than HIV-negative MSM, yet they were more likely to report poorer health. This suggests a potential opportunity for health care providers to assess health-related quality of life among HIV-positive MSM. However, this must be accompanied by HIV and sexual stigma reduction training targeting health care providers in Jamaica, as studies have reported stigmatizing attitudes towards health and social service providers in Jamaica [19] [20] [21] [22] [23] and we found that MSM reporting a higher level of perceived and enacted sexual stigma had a lower likelihood of having a health care provider. Moreover, HIV-related stigma and sexual stigma may intersect to further disadvantage HIV-positive MSM accessing health care. Rogers et al. 23 conducted a survey among 332 staff of health care and social service agencies in Jamaica and the Bahamas, finding that while most respondents said they believed that PLHIV deserved quality care, they expressed a high level of blame and negative moral judgements towards these populations, particularly towards MSM. Addressing sexual stigma among health care providers in Jamaica is a key area for future research.
Contrary to prior research, [25] [26] [27] 29, 34 we did not find an association between HIV infection and sexual practices including lifetime number of sexual partners, 25, 26, 29 inconsistent condom use, 26, 29, 34 or sex work in the past 12 months 27 among MSM in our sample. It is plausible that the participants in our study, regardless of HIV status, experience similarities across these sexual practices due to shared contextual factors such as sexual stigma that constrain employment opportunities and limit access to HIV prevention and sexual health care. A high proportion of MSM reported sex work involvement regardless of HIV serostatus, which increases the number of lifetime sexual partners, and may influence consistent condom use. In bivariate analyses, we found significantly higher perceived and enacted stigma among MSM with a higher number of lifetime sexual partners, lower consistent condom use, and sex work involvement, suggesting that sexual stigma may play a role in driving the uniform distribution of these factors. Future studies should further explore the complex associations between sexual stigma, sexual risk practices, and health outcomes. 6 Study limitations include non-random sampling that limits generalizability, and the cross-sectional design that limits exploration of causality. Data were selfreported and could be impacted by social desirability or recall bias. Our study's HIV prevalence of 13.5% was lower than the 31% prevalence reported in a 2011 study among MSM in Jamaica. 3 This could be due to study design differences: the 2011 study included transgender women who had higher rates of HIV than MSM that could overestimate infection rates; additionally, HIV testing was optional in our study, so we may underreport the number of HIV infections. The nonrandom sampling strategy may limit generalizability of the results to MSM in Jamaica. However, we recruited over 500 MSM utilizing PRAs and their networks and the networks of participants. While recruitment through a community-based organization may have biased our sample towards those more likely to be engaged in care who are potentially less marginalized, PRAs also recruited participants through their own networks and through mobile street outreach, with the potential to include participants who do not regularly access care. We used chain-referral sampling, which may include multiple sites and utilizes network recruitment to expand coverage of the population, reduce volunteer bias, and include more isolated respondents. 36 Although we were unable to control for homophily due to logistical issues, chain referral recruitment resulted in a geographically and socioeconomically diverse sample. Future studies may utilize respondent-driven sampling to explore social network factors and HIV vulnerabilities. Further populationbased research with MSM in Jamaica can better ascertain national prevalence.
Conclusion
Our findings underscore the importance of considering social-ecological factors to reduce HIV vulnerability among MSM in Jamaica, with sexual stigma requiring imminent attention. In the HIV response, legal frameworks and health interventions should work to mitigate impacts of sexual stigma on MSM. Simultaneously, health care providers can provide comprehensive care to MSM that integrates STI testing and care and examine social determinants of health among MSM. Social and community-based groups can work in partnership with MSM and PLHIV to develop stigma reduction interventions in communities and health care settings to promote health and human rights among MSM in Jamaica.
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